Summary
Introduction
In inflammatory joint diseases such as rheumatoid arthritis, phagocytes accumulate in the joints. When activated by immune complexes, they produce the superoxide radical (Oi-) and hydrogen peroxide [ 11, which, in the presence of the traces of iron salts found in synovial fluid [2, 31, interact to form the highly reactive hydroxyl radical (OH.). Hydroxyl radical will attack and destroy most biological molecules, e.g. it will degrade hyaluronic acid and thus reduce synovial fluid viscosity [4-6] and also induce lipid peroxidation, products of which accumulate in rheumatoid disease [71. In order to clarify some of these points, we have investigated the effect of ascorbate at physiological concentrations on the rate of production of OH. radicals by an 0;--generating system.
Materials and methods

Reagents
Superoxide dismutase (specific activity 2900 units/mg of protein as measured by the cytochrome c assay [21l), xanthine oxidase (grade 1, EDTA-free), ATP, catalase and hypoxanthine were obtained from Sigma, ascorbic acid (AnalaR) from BDH Chemicals,Ltd. Solutions of ascorbic acid were made up fresh and adjusted to the required pH with KOH immediately before use. Units of catalase h o l of H,O, destroyed/ min) were measured as described in the Sigma catalogue.
Assay methods
Formation of OH. radicals was measured by a modification [221 of the salicylate hydroxylation method 1231. This method measures the ability of OH. radicals to attack salicylic acid to produce 2,3-dihydroxybenzoate, which is then measured colorimetrically. Final reaction mixtures contained reagents at the concentrations referred to in the legends to the Figures and Table 1 , in a total volume of 2 ml of potassium phosphate buffer (0.15 mol/l), pH 7.4. Incubations were carried out at 25OC in a shaking water bath.
Results
A mixture of hypoxanthine and the enzyme xanthine oxidase produces H,O, and 0;-radicals, which, in the presence of iron salts, interact to form OH., which can be detected by its reaction with aromatic compounds to give hydroxylated products 15, 22, 231. Fig. 1 shows that OH. production by this system is almost completely inhibited by superoxide dismutase or by catalase, proving that both 0;-and H,O, are essential for the OH. production. The amount of OH. detected is also decreased by compounds that 'scavenge' this radical, such as mannitol, sodium formate and thiourea [22, 231. A mixture of ascorbate, iron salt and H,O, also produces OH. radicals; the amount of radicals detected can be decreased by catalase or known scavengers of hydroxyl (mannitol, formate, thiourea) but not by superoxide dismutase or by bovine serum albumin, added to check for nonspecific protein effects (Table 1) . Hence ascorbate-dependent OH. formation does not require the 0;-radical.
When ascorbate (100 pmol/l) was added to a hypoxanthine/xanthine oxidase system the formation in the first 30 min of the reaction but an almost complete inhibition subsequently. The concentration of 'total ascorbate' in the plasma and synovial fluid of rheumatoid patients varies in the range 14-49 pmolll 1131, and the effect of a series of ascorbate concentrations within this range on OH. production by a mixture of hypoxanthine and xanthiie oxidase was examined (Fig. 2) . At 10 or 25 p o l of ascorbate/l, OH. production was largely inhibited by superoxide dismutase even at the early stages of the reaction; at 50 pmol of ascorbatell this enzyme inhibited by about 36% over the first 5 min of the reaction but much more effectively at later stages. The concentration of iron salt in these reaction mixtures was 100 pmolll, in order to maximize production of OH. radicals [231. Similar results were obtained if the concentration of iron salt in the reaction mixture was lowered to 2.5 pmol/l, except that it took slightly longer for the reaction to become fully inhibitable by superoxide dismutase. For example, with 50 p o l of ascorbatell and 2.5 p o l of iron saltll superoxide dismutase inhibited OH. production by 30% in a 1 h incubation; with 20 pmol of ascorbate/l and 2.5 pmol of iron saltll the inhibition was 53%. In all systems EDTA could be replaced as the chelating agent by ATP without affecting the results. In the hypoxanthine-xanthine oxidase system, which produces 0;-and H,O, and thus serves as a model for activated phagocytes [l, 41, iron reduction is achieved by 0;-and thus OH.
Discussion
formation is almost completely inhibited by superoxide dismutase. If, by contrast, ascorbate is the reductant, this enzyme has no effect ( Table   1) .
When ascorbate was added to the hypoxanthine-xanthine oxidase system in the presence of Fe3+ at 100 p o l l 1 the rate of OH. The 'total ascorbate' in the synovial fluid of rheumatoid patients is in the range 14-49 p o l / l .
It is clear from the above results that O;--dependent formation of OH. will be more important in uiuo. It may well be that the lowered ascorbate levels of rheumatoid patients are due to its oxidation by 0;-and OH. Hence therapy directed against oxygen radicals such as 0;-would still seem to be relevant in the management of rheumatoid disease. In these experiments the iron salt concentration was 100 p o l / l so that the maximum flux of OH. radicals could be obtained 1231. At more physiological concentrations OH. radicals were still produced and essentially similar results were obtained. Over the very long period in which phagocytes are activated in the rheumatoid joint, superoxide-dependent formation of OH. will be a major damaging mechanism 124-261.
